Bacteria will experience starvation-free environment if infinite nutrition is supplied continuously for a long period. In this study, an evolutionary experiment was performed for 118 days where bacteria adapted to starvation-free environment and reduced their doubling time. It is anticipated that this finding will help to select bacterial strains that can grow more rapidly in rich media.
Bacteria will experience starvation-free environment if infinite nutrition is supplied continuously for a long period. In this study, an evolutionary experiment was performed for 118 days where bacteria adapted to starvation-free environment and reduced their doubling time. It is anticipated that this finding will help to select bacterial strains that can grow more rapidly in rich media.
If infinite space filled with adequate nutrition was available, bacteria would evolve to grow faster until they completely occupy the space. However, no such environment exists on the Earth; thus, bacteria are compelled to compete for resources with other bacteria with frequent starvation. Thus, bacterial fitness in a specific environment is not determined primarily by their fastest growth rate. This rule may also be applicable to enteric bacteria, which are apparently supplied with adequate nutrients. For example, Escherichia coli takes 20 min to double when cultivated aerobically in nutrient broth at 37C, whereas E. coli monoflora takes as long as 20 h to double in the intestines of gnotobiotic mice 1 . This suggests that even enteric bacteria have not experienced long-term starvation-free environment during the course of their evolution. This study investigated whether bacteria can adapt to authentic starvation-free environment.
This issue could be experimentally clarified using a turbidostat continuous cultivation system. However, such systems are costly and there are potential technical drawbacks (e.g., contamination or wall growth). Thus, continuous cultivation was performed using a manual serial transfer strategy (Fig. 1a) . The optical density (OD 600 ) of the culture was monitored in real-time to maintain the E. coli culture at a threshold of OD 600 = 0.6. This strategy was used to maintain cells in their logarithmic growth phase for a long period. This experiment began in June 2010
and the results of the experiment have been reported in my blog (http://ecoli.typepad.jp/evolution-blog/) almost every day. By 691 serial transfers in 116 days, a continuous culture was maintained so that cells never experienced starvation for 8,671 generations. Interestingly, the doubling times of the descendants reduced to 93.1% as compared to their ancestors (from 19.93 min to 18.56 min), suggesting that they significantly adapted to the starvation-free environment (Fig. 1b) .
Evolutionary experiments with bacteria have often been performed in a laboratory to test their potential evolvability in suboptimal conditions such as a nutrition-limited environment 2 , or their adaptation to high temperature 3 .To the best of my knowledge, no previous experiment has tested evolvability in starvation-free environment. This study demonstrated that bacteria can adapt efficiently to starvation-free environment and reduce their fastest doubling times. It is anticipated that this discovery will help to select bacterial strains that can grow more rapidly in rich environments.
